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ABSTRACT: A motion-transmitting device utilizing a double 
differentia! screw principle is disclosed. One differential screw 
mechanism including first and second sets of threads of 
different pitch is operatively coupled to another differential 
screw mechanism having third and fourth sets of threads of 
different pitch. By providing the first and second sets of 
threads with a pitch difference not equal to the difference in 
pitch between the third and fourth sets of threads, a double 
differentia! movement is established. 






ORIGIN OF THE INVENTION 

The invention described herein was made by an employee 
of the United States Government and may be manufactured 
and used by or for the government for governmental purposes 
without the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 


relative to the fixed support over a distance equal to the 
difference between the relative movements produced between 
the primary drive member and coupling member and betw'een 
the secondary drive member and actuator. 

Another feature of the invention is the provision of a 
motion-transmitting device of the above type including a 
common drive mechanism for rotating the primary and 
secondary drive members at the same angular velocity. Use of 
a common drive mechanism helps insure predictable actuator 



The simplest and oldest actuator is the single mechanical 
screw. Although extremely reliable in its range of operations, 
the mechanical screw obviously is not capable of producing 
displacements in the raicrorange. A well-known improvement 
of the mechanical screw is the simple differential screw that 
utilizes the difference between a pair of linear movements 
produced by a single drive mechanism. The fine adjustment 
capability of the differential screw is substantially greater than 
the single mechanical screw but its ultimate fine adjustment 
capability is limited by machining accuracy. 

The object of this invention, therefore, is to provide a 
relatively simple and reliable actuator capable of executing 
linear displacements in the range from less than 50 A to 
several centimeters. 

SUMMARY OF THE INVENTION 

The invention is characterized by the provision of a motion- 
transmitting device including a pair of operatively coupled 
differential screw mechanisms. One of the mechanisms 
comprises a primary drive member engaged by a first set of 
threads with a fixed support and by a second set of threads 
with a coupling member. The other differential screw 
mechanism comprises a secondary drive member engaged by 
a third set of threads with the coupling member and by a 
fourth set of threads with an actuator. By providing the first 
and second sets of threads with the same sense but different 
pitches a differential movement is obtained between the 
primary drive member and the coupling member. Similarly, 
providing the third and fourth sets of threads with the same 
sense but different pitches produces a differential movement 
between the secondary drive member and the actuator. 
Finally, the first and second sets of threads are provided with a 
difference in pitch that is itself different than the difference in 
pitch between the third and fourth sets of threads so as to 
establish relative axial movement between the coupling 
member and actuator in response to simultaneous rotation of 
the primary and secondary drive members. According to this 
arrangement extremely small and precise axial movements of 
the actuator member are obtained by appropriate rotation of 
the primary and secondary drive members. 

One feature of the invention is the provision of a motion- 
transmitting device of the above type wherein the various sets 
of threads are provided with senses such that rotation of the 
primary and secondary drive members in the same direction 


or frontlash of the coupled elements. 

30 A featured embodiment of the invention comprises a 
motion-transmitting device of the above types wherein the 
primary, secondary and coupling members are all hollow 
cylinders; the first set of threads is formed by external threads 
on the primary drive cylinder and internal threads on the fixed 
35 support; the second set of threads is formed by internal 
threads on the primary drive member and external threads on 
the coupling member; the third set of threads is formed by 
internal threads on the coupling member and external threads 
on the secondary drive member, and the fourth set of threads 
is formed by internal threads on the secondary drive member 
and external threads on the actuator. This arrangement 
provides the desired double differential relative movements 
with a mechanical assembly that is extremely simple and 
compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the invention will 
become more apparent upon a perusal of the following 
50 specification taken in conjunction with the accompanying 
drawings wherein: 

no. 1 is an elevational view in cross section illustrating a 
preferred embodiment of the invention; 

FIG. 2 is a cross-sectional view taken along lines 2-2 in FIG. 

55 1 ; 

FIG. 3 is a cross-sectional view taken along lines 3-3 in FIG. 

1 ; 

FIG. 4 is a sectional cross-sectional view taken along lines 

4-4 in FIG. 1; and 

FIG. 5 is a cross-sectional view taken along lines 5-5 in FIG. 

1 . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

65 Referring now to FIG. 1 there is shown a hollow cylindrical 
support housing 1 1 having a flange 12 suitable for attachment 
to an accommodating surface. Engaging internal threads 13 
on the support housing 11 are external threads 14 on a 
primary hollow drive cylinder 15. A hollow cylindrical 
70 coupling 16 has external threads 17 that engage internal 
threads 18 on the primary drive cylinder IS. An annular recess 
21 in the inner surface of the flange 12 receives a terminal 
portion of the coupling 16 and permits axial movement 
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portion 2® and projecting into axsai slots 23 in the annular 

recess 21. 

A secondary hollov/ cylinder 25 has external threads 26 that 
engage internal threads 27 on the cylindrical coupling 16. The 
secondary drive cylinder 25 also possesses interna! threads 28 
that engage external threads 29 on an actuator rod 31. A 
centra! aperture 32 in the flange 12 receives the actuator rod 
31 and permits axial movement thereof. Rotation of the 
actuator rod 31 is prevented by a key 33 that projects through 
a slot 35 (FIG. 2) in the flange 12. 

Fixed to a reentnmt portion 35' of the secondary drive 
cylinder 2S is an annular gear 36 that engages external teeth 
37 on a solid drive shaft 38. A similar annular gear 41 is fixed 
to a reentrEint portion 42 of the primary drive cylinder IS. The 
gear 41 engages external teeth 43 on a hollow drive shaft 44 
concentric with and encompassing the solid drive shaft 38. 
Retained within recesses 48 and 49 in the actuator rod 31 and 
the solid drive shaft 38, respectively, and exerting a force 
therebetween is a compression spring 51. 

Terminating the hollow drive shaft 44 and the solid drive 
shaft 38, respectively, are radially outward directed sets of 
Iceth 52 and 53 A spur geai 54 's fixed to the end of a shaft 55 
adapted for axsai m a bearing support 56 and for 

tj hmci 1 10 o ■ ah'*. . '.crv cnve mechanism, (not shown). 

1 O’ , 1 . " • ' li: fixed to a shaft 58 adapted for both 

^ ^ mcve.rtent within a bearing support 

•j s adoptee for attachment to a suitable 
1 1 501 (rot shown). In one longitudinal 

I re gear 57 simultaneously engages the 
I ' - ’ 'J- ^ so id shaft 38 and the hollow shaft 

“i i ) and n a second position the gear 57 

,1 I . - ’ h 5 j on so’id shaft 38. 

do .omrnsing the interna! threads 13 on 
1 - 1 md ihe external threads 14 on the 

' e the same sense (as commonly 
iw" - u'' ’eft-hand designations) but a 
1 r s“C''r>G set of threads comprising the 

0 'he i^'imary cylinder 15 and the 
ii ' I’f he coupling cylinder 16. Because the 

' • ^ rd ,Ui has the same sense as the second 

om.ion of the primary cylinder 15 
' 1 cr C' that element a.rid of the 

'1 ph, .4 oyhnder 16 in opposite directions 
rt ri housing H 

- of these axial movements are not 

' i, J , i.’f '"to cj -.r.form pitches provided. The 
puMtov vvlifcw i‘ 'ind ihv coupling cylinder 16 therefore 
Tur'ct'ori at; a tiifttre it ai scrc’-v mechanism wherein rotation of 
the primary cylindci produces axial iiiovement of the 
coupling 16 relative to the fixed support housing 11 at a 
velocity equal to the difference between the individual axial 
vekxiities of both elements 15 and 16. Obviously, the direction 
in which the coupling cylinder 16 moves is determined by the 
direction in which the primary cylinder 15 is rotated. 

Similarly, a third set of threads comprising the internal 
threads 27 on the coupling cylinder 16 and the external 
threads 26 on the secondary drive cylinder 25 have the same 
sense but a different pitch than a fourth set of threads 
comprising the interna! threads 28 on the secondary cylinder 
25 and the external threads 29 on the actuator 31. Again 
because the third and fourth sets of threads have a common 
sense, rotation of the secondary drive cylinder 25 produces 
axial movement of that element and of the rotationally keyed 
actuator rod 3,1 in opposite directions relative to the coupling 
cylinder 16. Thus, the secondary drive cylinder 25 and the 
.actuator rod 3.1 ,a!so function as a differentia! -screw 
niechanism wherein rotation of the secondary drive cylinder 
25 produces axial movement of the actuator 31 relative to the 
coupling cylinder 16 at a velocity equal to the difference 
between the individual velocities experienced by members 25 
and 31. A.gain, the direction of the actuator’s differentia! axial 
movement is dependent upon the direction in which the 
second.ary drive cylinder 25 is rotated. 


4 

The difference in pitch provided between the first and 
second sets of threads 13, 14 and 17, 18 is slightly different 
than the difference in pitch provided between the third and 
fourth sets of threads 26, 27 and 28, 29. This variation in pitch 
5 differences is established to provide unequal axial velocities 
for the coupling cylinder 16 and the actuator rod 31 relative to 
the support housing ! 1 in response to rotation of the primary 
cylinder 15 and the secondary cylinder 25 at the same 
rotational speed. Since the directions of differential 
* ® movement experienced by the coupling cylinder 16 and the 
actuator rod 31 are determined, respectively, by the directions 
in which the primary cylinder IS and the secondary cylinder 
25 are rotating, appropriately selected directions of rotation 
, can produce differential axial movements of the coupling 
cylinder 16 and actuator 31 which are either additive or in 
opposition. Opposing directions of axial movement by the 
actuator rod 31 and the coupling cylinder 16 result in axial 
movement of the rod 31 relative to the support housing 1 1 at a 
2 Q reduced velocity equal to the difference in individual velocit- 
ies experienced by the coupling cylinder 16 and the rod 31. 
Since, as noted above, the individual velocities are themselves 
generated by differential serw n ect'-nistrs it will be 
appreciated that ihe reduced dcubis dsfferer ia! >tlouty 
25 experienced by tre actuat^.r rod fl re’a « ’ support 

housing 11 can be much lo'verthc i 'he vndivji v ' v’'cc 
the primary and secondary dr 'e cdindcis A ’ 
Extremely precise movemerds, thcref'te, cr ■ 
the actuator rod 31 Conversely, G’nir’-'c ducctic ^ i 
30 movement by the coupling cy',ind„. !<’> a' d fh" ac t ^ v i 
result in axial mo'''ement of *he rod 3f '■clao to ' ’ 
housing II at an mceased velocii; yj?" a t! c ^ "■’i 
individual velocities of the two elements. 

A preferred embodmen*- of the invcnt'ov .cto ' - , 

35 relationship between the pnma’'y dif. -er ' sC _ 
mechanism indud,.tg cier ents *3 ara f i d > «, • 

differentia! screw raechav sain uxludn ' “h V’ u T nt 

such that the reduc-d duferentia! a’ a! v»'xc i o>" , e ic - 
31 is produced by roi.mon d.re'ioij ,r ot i - ' 

40 primary drive cylinder 15 and ih-’ V cjuJ •_, 1 _ 

.According to this aTtoigsment, roton, n *he o ' - 
and attached gea ' (*‘^10 .i' i > e c. ect’ ’ ai\i 
rotation via the e-'gagirg iceth 32 ivd - 3 ' 'C ^ 

shaft 38 and the bo lows to "t 4<’ i ’ t, opf c " ’ i to 

in turn induces rotation o ' tne prim > d'u /e c./a 
the secondary drive c/.’ii crt, ZS to ’ cc.”'o b ^ 
producing axial mo' enen vf fii'c totii ' ad '■! Z ’ ■/ to 
the support hous ng 11 at ih; icdu...e'' . to"' a’ ta'ul 
Q velocity. ObviouTw, htc direction ot t’le aciua'o’’ -ot's axial 
movement is deteTtimed by the d u cuon ip -/fuch the dnve 
shaft 58 is rotated. Thus, the desired double differential 
movement of the actuator rod 31 is provided with a relatively 
simple arrangement of elements. Furthermore, this 
jj embodiment insures equal rotational speeds for the prima,ry 
and secondary drive cylinders IS and 25 thereby 'firnily 
establishing the relative movement relationship between the 
pair of differential screw mechanisms and e,nhaiicing the 
actuators precision. 

go In the event that more rapid movement by the actuator rod 
31 is desired for making coarse adjustments, the drive shaft 58 
is shifted longitudinally out of contact with the teeth S2 on the 
hollow shaft 44 (downward as shown in FIG. 1) so as to 
engage only the gear teeth S3 on shaft 38. The sha,fts SS and 
65 58 are then rotated in the same direction producing opposite 
directions of rotation for the solid shaft 38 and the hollow 
shaft 44. This in turn induces opposite directions of rotation 
for the primary drive cylinder 15 and the secondary drive 
cylinder 25 resulting in the above described additive 
70 movement wherein the actuator rod 31 moves axially relative 
to the support housing 11 at a velocity equal to the combi,ned 
individual velocities of the coupling cylinder 16 and the 
actuator 31. Thus, the disclosed actuator can provide either a 
low velocity actuator movement for fine adjustments or an 
75 increased velocity for relatively coarse adjustments. /Again. 
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the direction of actuator rod movement is determined by the 
directions in which the shafts 55 and 58 are rotated. 

According to a specific example of the invention, the first 
set of threads 13 and 14 is provided with a pitch of one forty- 
ninth inch, the second set of threads 17 and 18 and the third 5 
set of threads 26 and 27 are provided with pitches of one- 
fiftieth inch, and the fourth set of threads 28 and 29 is 
provided with a pitch of one fifty-first inch. The sense used for 
threads 13 and 14 produces upward movement (as viewed in 
FIG. 1 ) of the primary drive cylinder 15 on support housing 11 ' ® 
in response to clockwise rotation and the sense used for 
threads 26 and 27 produces downward movement of the 
secondary drive cylinder 25 on the coupling cylinder 16 in 
response to clockwise rotation. Assuming then the operative 
position shown in FIG. 1, counterclockwise rotation of the 
shaft 58 induces clockwise rotation of the shafts 38 and 44 and 
accordingly of the primary and secondary drive cylinders IS 
and 25. One clockwise revolution of shaft 38 moves the 
primary cylinder 15 axially upward 1/49=0.020408 inch on 2 q 
the support housing 11. Simultaneously, the rotatively keyed 
coupling cylinder 16 moves 1/50=0.020000 inch downward 
on the primary cylinder 15. Thus, the coupling cylinder 16 
experiences a net upward movement of 0.020408—0.020000 
=0.000408 inch relative to the support housing 11. The 25 
corresponding clockwise revolution of the secondary drive 
cylinder 25 moves it 1/50=0.020000 inch downward on the 
coupling cylinder 16. Simultaneously, the rotatively keyed 
actuator rod 31 moves 1/51=0.019608 inch upward on the 
secondary drive cylinder 25. The actuator 31, therefore, 30 
undergoes a net downward movement of 0.020000—0.019608 
=0.000392 inch on the secondary cylinder 25. However, the 
secondary cylinder is also moved relative to the support 
housing 11 by axial movement of the coupling cylinder 16 on 
which it is supported. As noted above, the net movement of 35 
the coupling cylinder 16 is 0.000408 inch upward relative to 
the support housing 11. Thus, the composite axial movement 
of the actuator rod 31 relative to the support housing 11 in 
response to one clockwise revolution of the shafts 38 and 44 is 
0.000408-0.0003920.000016 inch in an upward direction. 40 
It will be obvioas, that one counterclockwise revolution of the 
shafts 38 and 44 will produce in a similar manner the same 
amount of axial actuator movement relative to the support 
housing 1 1 but in the opposite direction. 

The above example illustrates the improved fine adjustment 
capability of the invention. A single revolution of actuator 
movement induces 0.000016 inch of axial movement by the 
actuator rod 31. This is three orders of magnitude less than the 
axial movement experienced by the primt^ drive cylinder 15. 
Because of the substantial reduction in axial output movement ^ 
relative to rotational input movement, microinch 
displacements can be achieved with a highly reliable 
mechanical actuator which also provides linear output 
movements rather than less desirable step displacements, 
Furthermore, the machining accuracy required for producing 
the device is within practically obtainable limits. Such 
accuracy is obtained, for example, in the manufacture of 
screw spindles for dividing machines for spectrographic 
gratings. According to another embodiment of the invention, 
operational flexibility is enhanced by utilizing different 
numbers of teeth on the gears 52 and 53. This arrangement 
produces different rotational speeds for the solid shaft 38 and 
the hollow shaft 44 in response to rotation of the shaft 58. In 
this way still another differential effect is obtained. Preferably, 65 
the difference in teeth number is small, e.g. one tooth more or 
less on the gear 52 than on the gear 53. 

When used for coarse adjustments, the shaft 58 is shifted 
longitudinally eliminating engagement between gear 57 and 
the teeth 52. The shaft 55 is then driven in the same rotational 70 
direction as the shaft 58 producing opposite directions of 
rotation for shafts 38 and 44 and, accordingly, for the 
operatively coupled primary and secondary drive cylinders 15 
and 25. Assuming clockwise rotation of the hollow shaft 44 
and counterclockwise rotation of the solid shaft 38, one 75 


revolution of the primary cylinder 15 results ini an upward 

movement of 0.020408 inch on the support housing 11. As 
described above, the rotatively keyed coupling cylinder 16 
simultaneously moves 0.020000 inches downward on the 
primary cylinder 15 producing a net upward movement of the 
0.020408-0.020000 inch=0.000408 inch relative to the 
support housing II. The corresponding counterclockwise 
revolution of the secondary drive cylinder 25 produces 
downward movement thereof of 0.020000 inch on the 
coupling cylinder 16. Simultaneously, the rotatively keyed 
actuator rod 31 moves 0.019608 inch downward on the 
secondary drive cylinder 25 and, therefore, undergoes a net 
upward movement of 0.020000— 0.0! 9608=A). 000392 incli. 
As before, however, the secondary cylinder 25 Is also moved 
relative to the support housing 11 by axial movement of the 
coupling cylinder 16 on which it is supported. As described 
above, this movement is 0.000408 inch upward relative to the 
support housing 11. Thus, the composite axial movement of 
the actuator rod 31 relative to the support housing II in 
response to one revolution of the shafts 38 and 44 in opposite 
directions is 0.000408-1-0.000392=0.000800' inch in an up- 
ward direction. It will be obvious that revolution of each of the 
shafts 38 and 44 in the opposite directions will produce in a 
similar manner the same amount of actuator movement in a 
downward direction. A simple adjustment of the drive 
mechanism, therefore, increases by two orders of magnitude 
the velocity at which the actuator rod 31 moves in response to 
a ^ven rotational drive velocity. This feature greatly facil- 
itates use of the device for making relatively coarse adjust- 
ments. 

Obviously, many modifications and variations of the present 
invention are possible in light of the above teachings. For 
example, other arrangements of the double differential screw 
mechanisms can be used including both parallel and inline 
connections. Also, pitch sense relationships other than those 
specifically describ^ can be used depending upon the desired 
objectives. 

I claim; 

1. A motion-transmitting apparatus comprising: 
a fixed support, 

a primary drive means adapted for rotary movement and 
engaged by a first set of threads with said fixed support, 
said primary drive means adapted for axial movement 
relative to said fixed support in response to rotation, 
a secondary drive means adapted for rotary movement, 
a coupling means engaged by a second set of threads with 
said primary drive means and by a third set of threads 
with said secondary drive means, said first and second 
sets of threads having the same sense but different 
pitches, 

a coupling stop means adapted to prevent rotation of said 
coupling means, 

an actuator engaged by a fourth set of threads with said 
secondary drive means, said third and fourth sets of 
threads having the same sense but different pitches, and 
an actuator stop means adapted to prevent rotation of said 
actuator. 

2. A motion-transmitting apparatus accorCwg o cis'n ‘ 
wherein the difference in pitch between =3ic first anj < c 
sets of threads is different from the differeiif’e r i. ~ 
between said third and fourth sets of threa s 

3. A motion-transmitting apparatus ' 

wherein the pitches and senses of said fi>-,i, ;.c '-• > 
fourth sets of threads are adapted tc rrooje cl 's " • 
movement between said coupling mean" '"t ' w ' - 
response to rotation of said primary ■" - w 

means. 

4. A motion-transmitting apparatus '-'..."J'- - 1. 

wherein the pitches and senses of asid f * a i : 
fourth sets of threads are such that a gi " ' 1 „ c j 
of said primary and secondary an’'e c '■ 1 c 

direction produces axial movemert t>’ r _.*’i 

between said actuator and said fixed s"' c 1 ! j ' 
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, 1 L4 >1 >.3 1 ; f sdid primary and secondary drive means 

I' . I . j . 3 *.s pr^uces between said actuator and 
’ ( jti _ greater magnitude of relative axial 

t 

. I 3 II „ I mitiing apparatus according to claim 4 

- 4. i_ , < ..o dnve mechanism adapted to rotate said 
- and said secondary drive means at the 

, , 7’on I ' ismitting apparatus according to claim 5 

, '-u u -idw^d li'J drive means adapted to permit 
■ .f ' 'Jen' ro!a*'’on o' said primary and secondary drive 

means. 

7. A motion-transmitting apparatus according to claim 6 
including biasing means adapted to maintain pressure between 
said first, second, third and fourth sets of threads. 

8. A motion-transmitting apparatus comprising; 

a fixed intenialiy threaded support, 

a hollow primary drive cylinder adapted for rotary 
movement and having external threads that engage the 
internal threads on said fixed support and form therewith 
a first set of threads, said primary drive means adapted for 
axial movement relative to said fixed support in response 
to rotation, 

a hollow secondary drive cylinder adapted for rotary 
movement, 

a hollow coupling cylinder having external threads that 
engage internal threads on said primary drive cylinder 
and form therewith a second set of threads, said first and 
second sets of threads having the same sense but different 

pitches, 

said coupling cylinder also having internal threads that 
engage external threads on said secondary drive cylinder 
and form therewith a third set of threads, 

a coupling stop means adapted to prevent rotation of said 
cylindrical coupling means, 

an actuator having external threads that engage internal 
threads on said secondary drive cylinder and form 


therewith a fourth set of threads, said third and fourth sets 
of threads having the same sense but different pitches, the 

difference in pitch between said first and second sets of 
threads being different than the difference in pitch 
5 between said third and fourth sets of threads, and 

an actuator stop means adapted to prevent rotation of said 
actuator. 

9. A motion-transmitting apparatus according to claim 8 
wherein the pitches and senses of said first, second, third and 

1 0 fourth sets of threads are such that a given amount of rotation 
of said primary and secondary drive means in the same 
direction produces axial movement of a given magnitude 
between said actuator and said fixed support, and said given 
amount of rotation of said primary and secondary drive means 
in opposite directions produces between said actuator and 
said fixed support a greater magnitude of relative axial 
movement. 

10. A motion-transmitting apparatus according to claim 9 
including a common drive mechanism adapted to rotate said 
primary drive means and said secondary drive means at the 
same angular velocity. 

11. A motion-transmitting apparatus according to claim 10 
including individual drive means adapted to permit 
independent rotation of said primaiy and secondary drive 
means. 

12. A motion-transmitting apparatus according to claim II 
including biasing means adapted to maintain pressure between 
said first, second, third and fourth sets of threads. 

2 Q 13. A motion-transmitting apparatus according to claim 12 
” wherein said coupling and actuator stops comprise key means 
engaging said fixed support. 

14. A motion-transmitting apparatus according to claim 13 
wherein the difference in pitch between said first and second 
35 sets of threads is substantially equal to the difference in pitch 
between said third and fourth sets of threads. 
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